The California Department of Fish and Game Office of Spill Prevention and Response (CA OSPR) is utilizing oil-spill fate and transport modeling to develop the time and spatial scales, and equipment needs, for a formal Dispersed Oil Monitoring Plan (DOMP). When fully implemented, the DOMP will aid in documenting hydrocarbon concentrations in the water column, potentially exposed organisms (zooplankton), and the impacts of entrained oil and dissolved hydrocarbons with and without dispersant applications.
INTRODUCTION
Over the last few years, extensive U.S. coastal areas > 3 nautical miles from the shorelines have been designated as "Pre-Approval Zones" for dispersant applications in the event of oil spills (NRC 2005) . While the application of dispersants may reduce impacts to wildlife (e.g., seabirds, sea otters) and shoreline habitats, the dispersed oil may cause increased impacts to water column organisms. To address this issue, oil-spill fate and transport modeling is currently being used by the State of California Department of Fish and Game Office of Spill Prevention and Response (OSPR) to develop the time and spatial scales, and equipment needs for a formal Dispersed Oil Monitoring Plan (DOMP) to document hydrocarbon water column concentrations, potentially exposed organisms (zooplankton), and the impacts of oil spills with and without dispersant use.
A significant challenge in the implementation of any such plan is to locate and repeatedly sample the dispersed oil plume in space and time. To address these issues CA OSPR funded, and was an active participant in, an initial series of fluorescein dye experiments executed by Scripps Institution of Oceanography (SIO), Payne Environmental Consultants, Inc. (PECI) , and Applied Science Associates, Inc. (ASA), with unfunded in-kind contributions from the Marine Spill Response Corporation (MSRC) and the U.S. Coast Guard (USCG). The objective of those studies was to develop and test the operational framework for repeated sampling of dispersed oil plumes as outlined in the DOMP.
The National Oceanic and Atmospheric Administration/University of New Hampshire (NOAA/UNH) Coastal Response Research Center (CRRC) then provided additional funds to significantly expand and augment the program to allow measurements of small-scale transport processes (horizontal and vertical diffusivities), evaluate high-frequency radar (HF-Radar) for providing surface current input data to oil spill models, and verify model-predicted movement of subsurface oil (dissolved components simulated with fluorescein dye) by comparison to drogued drifter movements and measured dye concentrations over three spatial dimensions and time (Payne et al., 2007a, b; French-McCay et al., 2007 , 2008 .
METHODS

Fluorescein Dye Releases
After obtaining the appropriate National Environmental Policy Act (NEPA) permit (Payne et al., 2007a, b) , a series of seven fluorescein dye releases were completed off the coast of San Diego, California USA (Table 1) . In these studies, the dye was sprayed on the water surface at an average water depth of 40 fathoms (73m) in federal waters three nautical miles southwest of Point Loma, San Diego (Figure 1 ). The 10.4 m (34 ft) MSRC vessel, Response 2, was utilized for all the controlled spraying applications, and the non-toxic dye was released as a 400 or 4,000 ppm concentrate from two 2.4 m (8 ft) spray booms attached to two 1,041 L (275 gal) reservoir tanks on the stern of the vessel. The spray booms were attached to an outrigger on the starboard side, and during each experiment, a total of 2,082 L (~550 gallons) was discharged over a 16-24 minute period as the Response 2 made ever-increasing diameter turns to starboard in a growing spiral pattern to avoid transiting through or over the freshly released dye.
Keyacid Fluorescein Powder from Keystone Aniline Corporation (Chicago, IL) was used for all the dye deployment experiments. To facilitate mixing and transfer of the powdered dye to the Response 2, a concentrated slurry of the dye was first premixed in two carboys using fresh water, and the contents of each carboy were then transferred into one of the two 1,041 L reservoir tanks on the rear deck of the vessel. The carboys were rinsed with at least seven carboy-volumes of fresh water to ensure quantitative transfer. The initial slurry and freshwater rinse volumes were calculated and carefully measured to ensure that the final density of the mixed dye concentrate (after filling each of the reservoir tanks to 1,041 L with seawater from the MSRC dock) would have a nominal density of 1.020-1.024 kg/m 3 (Payne et al., 2007a, b) . After blending the concentrated dye slurry, freshwater rinses, and seawater at the MSRC dock, the contents were further mixed by the rocking action of the boat during transit to the designated release site. In the November 2005 experiment, the desired dye concentration was 400 ppm, but it was not possible to follow the dye plume for more than 1.5 -2 hours. Therefore, for all subsequent experiments, a target dye concentration of 4,000 ppm was used.
Drifter Deployment
Drifters drogued at 1-, 2-, 4-, or 5-meters (Table 1) were released from the Response 2 before, during, and in some cases after the dye was released (around the edge of the plume). Drifter data used in this study were collected with GPS-located, reusable, cellular instruments developed specifically for high-resolution near-shore use (Ohlmann et al., 2005) . The drifters were comprised of an 85-cm corner-cube-radar-reflector type drogue attached to a 20-cm diameter surface float which housed the electronics. This configuration yielded a drag-area-ratio greater than 41 (Niiler et al., 1995) , and drifter positions were recorded every 10 minutes giving spatial accuracy to a few meters. The different drogue depths shown in Table 1 were used during the separate cruises in an effort to empirically determine the optimum depth for tracking the subsurface dye.
Measurement Vessel Operations
Immediately after the dye and drifters were deployed, the MSRC Response 2 moved to the side of the experimental zone and remained on station occasionally circumnavigating the plume while obtaining GPS track data. At the same time, detailed across-and down-plume profiling was initiated by the smaller sampling vessels identified in Table 1 . These vessels had a shallow draft ranging from 0.3 -0.5 m (12 -18"), and conducted transects at speeds between 1 -4 knots to minimize wake induced disturbance of the dye plume. Close examination of aerial images confirmed minimal vessel induced perturbations in the dye plumes, and the initial mixing of the dye immediately after surface application suggested that the ocean mixing was much stronger than any that may have been induced by the sampling vessels.
Fixed-position vertical profiles using a CTD (conductivity, temperature, and depth) package were obtained from either the SIO or USCG sampling vessels (Table 1) during all the studies to measure water-column structure and determine the mixed layer depth, an important variable found to typically control the depth of maximum dye mixing. The CTD was deployed to a depth of 30 m in the study region prior to dye release, and then to a depth of 10 m several times in the middle of (and adjacent to) the dye plume during transects completed over time with each experiment.
Fluorescence Measurements
Horizontal fluorescence profiles across the dye plumes were taken by the USCG Pacific Strike Team using the SMART protocols and dual Turner Design 10-AU, continuous flow systems at two of three discrete depths (1, 2, and/or 5 m) to measure dye fluorescence every second during each dye tracking survey. All data were continuously recorded on PC-based data loggers on board the sampling vessel. During the first three cruises Labs fluorometer set to sample at ~3 Hz. behind the sampling boat. This fluorometer was raised and lowered in an undulating mode between depths of 1 and 10 m by a programmable downrigger powered by a 12 volt battery. A pressure sensor within the fluorometer allowed the depth of the measurement to be computed, and the system was time-synchronized with the vessel mounted GPS so that data from the undulating transects could be positioned to earth coordinates. The plumes were mapped by operating the sampling vessel across and along the long axis of the growing dye plumes to track their evolution in space and time with a minimum of measurementinduced disturbance.
Before and after each cruise the Turner Design and Wet Labs fluorometers were calibrated with fluorescein dye (as specified in the program-specific Quality Assurance Plan, 2006), and during the 22 March 2006 cruise, the two fluorometer systems were cross-calibrated by towing both systems through the plume at a constant depth of 2 m.
Aerial Observations
Observations from the California Department of Fish and Game (DFG) fixed-wing aircraft (twin engine, Partenavia) were used to orient the sampling effort and photo document the movements of dye relative to the drifters. Aerial photos were made using the visual light spectrum from both a hand-held digital camera and a GPS-referenced Nikon digital camera fixed to the plane and pointing downward through a viewing window. The Nikon camera also recorded the plane's position and altitude at the time of each photograph. The image files were geo-referenced using ESRI's ArcView Geographic Information System software, assuming the GPS location was at the center of the image, that the plane was perfectly level, and estimating the length scale from recorded altitude at the time of the image. Heading information for the plane was also recorded during the experiments and used to rotate the images appropriately after they were geotransformed.
Once the images were georeferenced, image processing software (ENVI 4.3) was used to extract the dye plume from each image and create a "shape file" (i.e., a trace of the outline, in the commonly used format employed by ESRI's and other commercial GIS software systems) representing the extent of the dye plume in sharp contrast to the surrounding water. The shape files were then post-processed to remove noise and calculate the area, minor axis, and major axis for the plumes over the course of each experiment, and these georectified images were used to document spreading of the dye plume in the cross-and down-wind directions, and estimate horizontal advective movements of dye. Additional details of the image processing and analysis methods are provided in French-McCay et al. (2007) . Figure 2 shows the workflow for this operation.
Meteorological Measurements
Standard meteorological measurements were made at several established weather stations maintained by NOAA and SIO in the vicinity of San Diego (reported on the NOAA National Data Buoy Center [NDBC] website). Measurements include wind speed and direction (at <10-minute intervals and synthesized as hourly means), air and water temperatures, wave conditions, and related measurements. Data were downloaded off the web in real time during and just after each field experiment.
High-Frequency Radar (HF-Radar)
Three HF-Radar systems (Graber et al., 1997) are currently installed around the San Diego area at Pont Loma, the south end of the Tijuana Estuary, and South Coronado Island. Data from these systems are automatically processed on site before being transmitted, via wireless networks, in near real-time to SIO. Once at SIO, automated processing combines data from all available sites, and maps of zonal (u) and meridional (v) current velocities are produced at 1 km resolution on an hourly basis. Data used in this analysis were filtered and objectively mapped as described in Kim et al. (2007) .
RESULTS
Fluorometer Intercalibration
The two Turner Design A-10 fluorometers used by the USCG for the SMART Protocol and the two SIO Wet Labs model ECO FL-UR in situ fluorometers used in the CTD package and the towed high-resolution profiling system were calibrated against fluorescein dye before and after each cruise event. All four fluorometers generated a linear response across the calibration ranges tested (R 2 > 0.997), although the relative responses and calibration standard ranges were different (Payne et al., 2007a, b) . Specifically, the Turner fluorometers were more sensitive at lower concentrations (0 -100 ppb), and they became non-linear above 200 ppb. The Wet Labs fluorometers were linear over a much wider concentration range (0 -2,500 ppb), but slightly less responsive below 25 ppb. The data generated by the two different units for one instrument type were very comparable, and between the two different instrument systems, accurate data could be generated over a wide dynamic range.
Because the two different fluorometer "systems" (i.e., Turner vs. Wet Labs) generated response curves with different slopes and intercepts, a scaling factor had to be developed to directly compare the data. Once this was accomplished, very similar results were obtained by the two different instrument types. Figure 3 shows an overlay of the SIO Wet Labs and USCG SMART Turner fluorometer profiles obtained during an along-plume transect with both instruments sampling at a 2 m depth during the 22 March 2006 cruise. Very comparable and representative data were obtained as the instrument systems moved in and out of the patchy dye plume, and clearly the data from either system can be used for estimating plume dimensions, dye concentrations, and dilution/mixing over time.
Target Dye Densities and Initial Mixing Behavior
Based on visual observations from the Response 2 during each dye deployment, it appeared that the target dye density of 1,020-1,024 kg/m 3 was appropriate because the dye did not form a surface microlayer and instead immediately mixed into the upper 0.5-2 m of the water column. From the immediate color change (from dark red to fluorescent green and our knowledge of the standard solutions prepared for the fluorometer calibrations) along with the observed mixing, we estimate an initial dilution of at least 1:2500 into the receiving seawater with a typical density of 1,025 kg/m 3 . CTD and fluorescence data (see below) then indicated that the dye mixed into the upper mixed layer over a 20-30 minute period. Thus, even though the initial dye concentrate may have had a (maximum) density anomaly of 5 sigma-t (compared to the receiving water), it was observed to rapidly mix within minutes to an estimated density anomaly (based on the area covered and the observed mixing depth) of 0.0016 sigma-t. This value is insignificant given the energetics of mixing present at the upper ocean, and as discussed below and in French-McCay et al. (2007) , the diluted dye behaved as if it were neutrally buoyant, although there was also evidence of Langmuir circulation cells and near-surface current sheer controlling the dye distribution in the upper mixed layer. In this context, however, it is important to note that if the powdered fluorescein dye were simply mixed directly into seawater and then applied as a concentrate, the resulting mixture would have been too dense, so the weight of the dry powdered dye had to be offset by the addition of fresh water (Payne et al., 2007a) .
Aerial Photographic Image, Drifter, and HF-Radar Data Analyses
The shape files from the georectified aerial photo images were mapped to document the plume expansion and movements, and these were compared to drifter locations and HR-Radar generated surface current predictions at corresponding times as shown in Figures 4 through 10. From these figures and detailed analyses of the plume and drifter data (Payne et al., 2007b; French-McCay et al., 2007) , the following conclusions can be reached:
• With regard to comparisons between the HF-Radar and the drifters, the following summarizes the more salient findings:
• Better HF Radar vs. drifter agreement was generally observed with drifters drogued at 1-m vs. 2-m.
•
With the exception of the November 2006 measurements, the mean drifter velocities were greater than those from HF-Radar.
• Both time-varying positive (HF-Radar to the right of the drifters) and negative differences (up to 60 o ) in bearing were noted.
When considering these differences; however, it is important to remember that:
• HF-Radar derived surface currents are averaged: -1 hour in the time domain -spatially average (~1 km in San Diego), and they -represent an average of the top 25-50 cm of the sea surface.
• Horizontal and vertical shear need to be considered.
• Surface currents must be projected to depth, which requires a good model for vertical shear.
• Sometimes HF-Radar velocities were faster than the 2 m and 4 m drifters -consistent with wind-drift theory (faster at surface), but 1 m drogues were always faster than radar and dye, perhaps due to a Stokes drift effect or windage on the buoy hull.
Water-Column Stratification and Vertical Mixing
The CTD casts completed before and during each dye deployment study were intended to evaluate the vertical mixing and decay of the plume and see if it was controlled by or paralleled the development of a stratified water column. An example of how the dye vertically mixed above a developing density gradient on 22 March 2006 is presented in Figure 11 . The plots are organized to show how the surface applied dye layer mixes to depth as a function of time. Depending on the spatial extent of the plume, each transect (or "Run" in the figure) took approximately 15-40 minutes to complete, and the elapsed time after the dye deployment is shown next to the run number. The top profile under a specific run number presents the density structure, and the bottom profile immediately beneath it shows dye concentrations from fluorescence intensity.
Each cast shows the results from both the fluorometer that was integrated into the CTD (continuous line) as well as the USCG SMART values (shown as "pluses" and "diamonds") during the same time period. During this cruise, the SMART systems were set to sample at 1 and 5 meters. As shown in the figure, part fairly good agreement was obtained between the different fluorescence sensors, and when significant differences were observed (in two instances), they can be attributed to the heterogeneous and patchy distribution of the dye. Also visible in the plots is how some locations show surface maxima for dye concentrations early in the day, while at other locations and later in the day, the dye maxima is subsurface (see next section). Typically the dye would rapidly mix to a depth characterized by the near surface mixed layer within 20-30 minutes of release, and it remained contained within that layer for the duration of the sampling.
High-Resolution Fluorometer Transects and Dye Concentrations at Depth
Transects with the high-resolution depth-profiling fluorometer were completed through the dye plumes during the four cruises in June and November 2006. Typical transect speeds were 1-2 knots, and they were conducted to roughly follow the major and minor axes of the plumes after Data from these transects were synchronized with the GPS position and analyzed to provide vertical-section views of the dye concentrations. Data from four transects across the plume (Tracks 1, 2, 3, and 5 in Figure 12 ) are shown in Figure 13 , and data from the alongplume transects (Tracks 4, 6, 7, 9, 11, 14, 15 , and 18 in Figure 12 ) are shown in Figure 14 . As indicated by transect number, the panels represent different times, and the across-plume transects were completed during the first 23 minutes of the experiment, while the along-plume transects were acquired along different tracks over a two-hour period. Data from all the cruises are presented in Payne et al. (2007b 
and the eight appendices therein).
Several mixing processes were delineated by the data, and in most cases there was rapid initial vertical mixing of the dye to 6-10 m due to orbital wave-induced turbulence during the first 20-30 minutes of the experiment. Small scale Langmuir cells were also observed to be very efficient at vertical mixing to the base of the well-mixed layer (typically 7-15 m) within 30-90 minutes during several cruises (French-McCay et al., 2007) . Shear in the surface wave layer was observed in several instances, and this manifest itself as a stretching of the dye plume over time as graphically depicted in Figure 15 . With these data, and measurements of different drifter velocities as a function of depth, it was also possible to quantify the variable shear in the upper ocean as shown by the data in Figure 16 . As illustrated by the data in the figure, however, this shear was not consistent over all seven cruises.
A better understanding of these mixing process is important, as existing models to predict shear are for steady state winds, and they don't account for Langmuir cells or breaking waves. Likewise, when attempting to track a dispersed oil plume (for example as described in the DOMP -see next section), the depth of the upper mixed layer and the amount of shear need to be considered for determining appropriate drogue depths.
DISCUSSION
Implications for Oil Spill Model Development
The specific objectives of this program included: 1) collecting field data sets for input to transport models; 2) evaluating and integrating HF-radar surface current mapping with observed drifter trajectories and transport model hindcasts; and 3) evaluating the usefulness of these data types for modeling near-surface transport. The utilization of the field results presented here toward these modeling objectives is addressed in our companion paper in these Proceedings (French-McCay et al., 2008) .
Between the seven OSPR-and CRRC-sponsored cruises (Table 1) , we had hoped that at least two (and possibly seasonal) different oceanographic conditions might be encountered (winter storms with strong NW swells vs. summer calm with occasional swells from the W and SW), and while it is recognized that one cannot extrapolate from only a few sets of measurements to all potential environmental scenarios, these measurements and the algorithms correlating estimated diffusivities with measured underlying currents, sea-states, and wind conditions were intended to further the approach (French-McCay et al., 2007 and 2008) . That is, during the field component we hoped to develop the methodology to measure (or estimate) small-scale diffusivities such that they may be used in oil-spill models for other times and locations, and to the extent possible, correlate horizontal and vertical diffusivities to observed or measured sea-state (wind conditions, swell height, direction, and frequency) as well as advective transport by larger-scale currents. This information was intended to inform model development, and thereby be transferable to other locations and investigators.
To a large extent, these objectives were achieved, and nearly continuous and synoptic data have been obtained from seven cruises conducted over a 12-month period. Detailed results are presented in our Final Report to CRRC (Payne et al., 2007b) , and the data, contained in eight appendices, are available, along with the Final Report, at the CRRC website: http://www.crrc.unh.edu/. The data have been verified (i.e., subjected to QA/QC checks for representativeness, completeness, accuracy, and precision), compiled for access by other investigators, and integrated to facilitate their use in model development and calibration. Additional data analyses and modeling efforts are presented elsewhere (French McCay et al., 2007 , 2008 , and we anticipate that future work by our co-investigators and others utilizing the database will lead to further modeling refinements and improvements.
Application of Field-Tested Sampling Protocols to the CA Dispersed Oil Monitoring Plan
This study was also intended to further develop tools for: (1) quantifying injury to natural resources, and (2) evaluating the efficacy and effects of dispersant use. These last two components are relevant to the CA OSPR Dispersed Oil Monitoring Plan (DOMP) and are considered in detail by Payne et al. (2007a) . The purpose of the DOMP is to identify the equipment and scientific approach required to determine the distribution of physically-and chemically-dispersed oil entrained into the water column, the concentrations of dissolved components and finite oil droplets in the water column, and the potential adverse impact on the aquatic resources of the affected water body. The most salient components of the equipment and scientific approach evaluated through this program are briefly considered below.
First, in implementing the CA OSPR Dispersed Oil Monitoring Plan, it is critically important to emphasize that planned or on-going dispersant operations as part of the response effort should not be delayed while assembling the sampling team and equipment necessary to implement the DOMP. Ideally, standby contracts for individuals and the necessary equipment and sampling/observation platforms should be in place before the spill event, and efforts should be undertaken to begin staging equipment and personnel at locations convenient to the spill site (with direct communication links to the Incident Command Center) as soon as the decision to utilize dispersants is made.
Sampling vessel and observation platform requirements include a minimum of two boats and one observation aircraft (either fixed wing or helicopter). The boats should be of sufficient size to support a combined scientific party and crew of 6-8 personnel, safely navigate in nearshore open-water conditions, and be equipped with USCG approved navigation and communication equipment. Ideally, one boat should have 120 V AC power available, although this can be supplied by portable generator. Also, this vessel should be equipped with a conventional hydrowire and winch for subsurface water-column sampling and towing plankton nets or other biological sampling systems. The programmable down rigger used for the high resolution in situ fluorescence profiling described in this paper can be mounted and used on any vessel of opportunity. Satellite communications would now allow for the system to be expanded providing telemetry of real-time information to shore-based decision makers. The observation aircraft should have sufficient fuel capacity to sustain flight operations for 4-5 hours, if possible. A fixed-wing aircraft with a mounted digital camera with GPS capabilities (recording latitude, longitude, and altitude for georeferencing each image) is the ideal platform.
Sampling equipment at a minimum should include CTD and in situ as well as continuousflow fluorometers similar to those used in this program. GPS and radio-telemetry equipped drifters drogued at several depths will be required to track the subsurface plume over time after (or if) it is not readily visible from the surface vessels or observation aircraft. A 30-meter CTD cast should be completed in the test area before dispersant applications (if possible) to determine the vertical extent of the near surface mixed-layer, and drogue depths for the drifters should be set at a range of depths across the surface mixed layer to account for any near-surface shear. In addition, finite water-column sampling equipment (e.g., 4L Go-Flo ® Bottles or equivalent) should be available for water column sampling at different depths within and outside of the dispersed oil plume as defined by visual observations and the drogued drifter movements over time. Grab samples should include bulk (unfiltered) seawater for total petroleum hydrocarbon (TPH) measurements and samples processed through on-site filtration at the time of collection (such as that provided by the Portable Large Volume Water Sampling System (PLVWSS) developed by PECI (Payne et al., 1999) ). This will allow differentiation of dissolved-phase polycyclic aromatic hydrocarbon (PAH) components and whole-oil droplets to support modeling and toxicity estimates (Payne and Driskell, 2003; French-McCay, 2002 , 2004 . Biological samples (zooplankton) should be collected with "Bongo" net tows for organisms in the water column and "Manta" nets for organisms at the water surface. Care should be taken during biological sampling, however, to avoid surface oil and the dispersant-treated plume to minimize equipment and sample contamination. The biological sampling component of the DOMP is intended to only document the species distributions for potentially impacted organisms in the area, not to examine oil-zooplankton interactions. Aircraft observations/support may be particularly useful in this regard to ensure that biological sampling nets are not towed through a surface slick or dispersed oil plume not immediately visible from the sampling vessel.
During transit to the spill site, telephone and radio communications should be established and double checked. This includes communications with the Incident Command Center and between all surface vessels and the spotter/observation aircraft. Background CTD casts and water column and biological sampling should be completed in at least 2-3 areas well away from the surface floating oil and the dispersed oil plume(s). If possible, this should be done both inshore and offshore of the slick to assess water-column structure as well as biological and chemical variability. Ideally, this should be completed before the dispersant application and treated-slick sampling for chemical analyses; however, background sampling can also be completed after those activities, if proper precautions are taken to decontaminate sampling equipment. It is also important to obtain water samples beneath the non-dispersant-treated slick to evaluate background physical entrainment of oil into the water column before dispersant applications are conducted. These water samples should be collected at the same depth intervals as the samples collected in the dispersed oil plume.
Sampling and analyses of water-column impacts should be done on an identified part of the oil slick as part of normal dispersant operations. That is, if dispersant operations are planned or ongoing, a spotter aircraft should be used to identify a portion of the surface oil that can be marked with smoke bombs and subsurface-drogued drifters, and then tracked/sampled over time as described for the dye studies in this paper and outlined below. These sampling activities should be conducted in a manner to avoid interfering with other ongoing response operations.
The following outlines the stepwise protocol that may be used to implement the DOMP. The procedures were developed through experience gained in this program and previous spill-ofopportunity studies where dispersants were applied (Payne et al., 1991 and 1993) :
•
Complete background chemical and biological sampling outside of the surface oil or dispersed oil plume: -The biological samples (zooplankton) will be identified and used for later toxicological studies.
• Identify the target slick: -Use smoke bombs deployed from a helicopter or boat to mark target area.
• Apply dispersants to the target area utilizing the ongoing response aircraft and spotter plane to complete the application.
Monitor dispersant application from orthogonal positions on the water. The boats should be positioned to the side and up wind of the target area to monitor dispersant drift away from the target: -Dispersants will not work if they do not hit the oil, so don't waste time and effort trying to monitor dispersed oil if the dispersant missed the target to begin with.
Monitor the dispersed oil plume over time: -Deploy drifters drogued at mid mixed-layer depths (from CTD data) before the smoke bombs become extinguished; -Execute towed high-resolution fluorometer transects to delineate the plume as described in this paper; -Complete chemical sampling using fluorescence measurements, drifters, and aerial directions to optimize station locations; -Use aerial photography to monitor visible plume over first several hours.
• Complete additional measurements to obtain: -CTD casts, wind and wave data from NOAA/Weather buoys, HF-Radar for surface current projections, and fluorometer calibrations.
Additional details and rational are presented in the complete California Dispersed Oil Monitoring Plan and in Payne et al. (2007a) .
CONCLUSIONS
The internet-accessible database from this program represents a technical resource that can be of value to physical and chemical oceanographers, modelers, oil-spill-response and contingency planners, decision makers, and stakeholders involved in the near-shore dispersantuse debate.
This program involved numerous personnel from different state and federal agencies along with the private sector. The experience gained through this multidisciplinary effort has direct relevance to implementing any sampling or monitoring program for Natural Resource Damage Assessment (NRDA) activities in general, and the California Dispersed Oil Monitoring Plan in particular. If modifications to the towed-fluorometer data collection and storage systems can allow real-time telemetry of pertinent information to the Incident Command Center, the approach may be useful in providing additional on-scene data to responders regarding dispersant effectiveness and potential impacts from previously dispersed oil plumes approaching or entering sensitive near-shore biological areas.
These types of coordinated measurements are difficult to execute (particularly during the emergency-response phase of a spill), so it is critically important to have a sampling team identified and a detailed plan in place before a spill event. Furthermore, the team should have familiarity with the inherent strengths and weaknesses of the sampling and observation methods, as well as past experience in working together as a coordinated unit to successfully execute the plan. depth of mixed layer
